Traditional Chinese Medicine (T.C.M.) is the natural therapeutic agent used under the guidance of the theory of traditional Chinese medical science. It has been widely used for the prevention and treatment of disease since antiquity in China. Herbal medicines are used mostly in combinations in China and are made into a certain preparations for easy and efficient use.
Suanzaoren decoction, which was reported originally in Synopsis of the golden chamber written by Zhang Zhongjing (Han Dynasty), 1) is a famous T.C.M. preparation with the effects of hypnosis, sedation and anti-convulsion. It has been widely used for the treatment of insomnia in the clinical practice.
2) Suanzaoren decoction consists of five herbal medicines Semen Ziziphi Spinosae (18 g), Poria (10 g), Rhizoma Chuanxiong (5 g), Rhizoma Anemarrhenae (10 g ) and Radix Glycyrrhizae (3 g ). All the herbs are included in the Chinese Pharmacopoeia (Version 2005). According to the rules of herbal theory, the famous decoction consists of four elements, the King (Semen Ziziphi Spinosae, which plays the most important role in sedation and hypnosis), his ministers (Poria and Rhizoma Chuanxiong, which help the king herb result in best efficacy), his assistant (Rhizoma Anemarrhenae, which help the king and his minister herbs reach the target positions) and his servant (Radix Glycyrrhizae, which can reduce the adverse effect or increase the potency of the whole formula). Every herb works together harmoniously to achieve a therapeutic outcome.
As we know, the efficacy of Suanzaoren decoction should be linked to many chemical constituents in five herbs and no single active constituent is responsible for the overall function of the formula. The current method of quality control is just to select one (or some) of active or marker compounds in one herb for identification and quantitative analysis. Obviously this approach fails for T.C.M. to control the inherent quality. Chromatographic profile is nowdays gradually applied to quality assessment of T.C.M. preparation. [3] [4] [5] [6] Examples have been found in the literatures where chromatographic profiles are used to help in identification of herbs, and in assessment of their potency or stability. The British Herbal Pharmacopoeia has laid an emphasis on using TLC profiles to characterize herbal materials. 7) Chromatographic (HP-TLC) profiles of poly formulations have also been reported by Chauhan et al. 8) In China, State Center of Pharmacopoeia requires that quality of T.C.M. injections must be controlled by chromatographic fingerprints.
It is pretty difficult to identify every single component or tell its potency even in one crude herb because there are thousands of chemical constitutes in it. More and more researchers are trying to set up good methods to control the quality of herbs or their preparations. Now the project on modernization of T.C.M. in China is focusing on the fundamental methodology on the effective components of herbs or their combinations. 8) In this paper, a chromatographic profile linked with pharmacological efficacy was used to assess the quality of Suanzaoren decoction. The chart of methodology was shown in Fig. 1 . By chemical statistical methods, the chemical information supplied by chromatographic profile was correlated with the data supplied by the pharmacological experiments. Then the chemical constituents (therapeutic material basis, which would affect the efficacy of the decoction) in Suanzaoren decoction were elucidated. The quality indices were selected from the therapeutic material basis. This research provided a new method and exploration for fundamental study in the modernization of T.C.M. Waters Alliance 2690 HPLC equipped with 996 PDA detector and Millninieum 32 workstation were supplied by Waters Co., U.S.A. Alcohol (95%, analytical grade) was obtained from Shenyang Reagent Co., China. Acetonitrile, methanol and isopropanol (chromatographic grade) were purchased from Tedia Co., U.S.A. Distilled water was filtrated through 0.22 mm millipores.
The healthy female and male Swiss mice (18Ϯ2 g, six weeks old) were obtained from animal lab of Shenyang Pharmaceutical University. Animals were maintained under 12-h light/dark cycle at a temperature approximately 24Ϯ1°C.
Design of Combinations Suanzaoren is the king herb in decoction and it is designed to combine with the rest four herbs. Design of sixteen combinations of Suanzaoren decoction was shown in Table 1 .
Pharmacological Experiments. Preparation of Test Solution Semen Ziziphi Spinosae, Poria, Rhizoma Chuanxiong, Rhizoma Anemarrhenae and Radix Glycyrrhizae were chopped into pieces and ground into powder. Sixteen groups of combinations were refluxed twice with 460 ml of 95% ethanol for 1 h according to Table 1 . After removing the ethanol under reduced pressure, the residue was dissolved in 23 ml of distilled water to obtain sixteen test solutions.
According to guidelines of pre-clinical study of new T.C.M. preparations (delivered by State Administration of T.C.M. of P.R. China) and methodology for pharmaceutical experiments of T.C.M., [9] [10] [11] sedative and hypnotic experiments are designed to test potentials of Suanzaoren decotion and its combinations. And also, one T.C.M. preparation (Jin-lai-an-shen Capsule) as positive control is indispensable to ensure that all animal models to be set up successfully.
Effect on Frequency of Spontaneous Motion in Mice [9] [10] [11] Frequency of spontaneous motion in mice was used to describe sedative effect. Lower frequency of spontaneous motion within 5 min meant better sedative effect. Mice were grouped into nineteen groups (control group, sixteen combination groups and positive control group; ten mice for each group) at random. Male and female mice were half different. According to Table 1 , sixteen solutions were orally administrated to the mice at the dose of 40 g/kg and the control group was administrated the same dose of distilled water. Jin-lai-anshen Capsule as positive control was administrated in the same way at the dose of 1 g/kg. Thirty minutes after administration, the mice were put into CB3201 digital machine of spontaneous motion (Chuan-bei Electric Industry Company, Sichuan, China). First the mice were adapted to the environment of machine for first 3 min and then frequency of spontaneous motion in continuous 5 min of eighteen groups was read directly from the machine. All the data were expressed as meanϮS.D. (standard deviation) and recorded as Y 1 (in order to conveniently analyze results from spontaneous motion, Y 1 is the reciprocal of frequency of spontaneous motion, seen in Table 2 ).
Effect on Sleeping Number and Sleeping Duration of Mice [9] [10] [11] Sleeping number and sleeping duration of mice describe hypnotic effect of Suanzaoren decoction and its combinations. The criterion for calculating sleeping number is that body-righting reflex of mice must disappear within 15 min and last more than 1 min after administration of sub-threshold dose pentobarbital sodium intraperitoneally. Sleeping duration means the interval between sleeping and wake-up time point of mice after administration of super-threshold dose pentobarbital sodium intraperitoneally. Higher sleeping number and longer sleeping duration will show better hypnotic effect.
Mice were grouped at random as the above method (sixteen and ten mice for each sleeping number and duration group, respectively). According Table 1 , sixteen solutions were orally administrated to the mice at the dose of 40 g/kg twice per day for 3 d and the control group was administrated the same dose of distilled water. Positive control was administrated in the same 848
Vol. 54, No. 6 way at the dose of 1 g/kg. The mice were fasted for 8 h and free access to water before the last administration. Thirty minutes after the last administration, the first eighteen-group mice were administrated 30 mg/kg of pentobarbital sodium (sub-threshold dose) intraperitoneally to get the data of sleeping number (recorded as Y 2 , seen in Table 2 ). The second eighteen-group of mice were administrated 35 mg/kg of pentobarbital sodium (super-threshold dose) intraperitoneally to get the data (expressed as meanϮS.D.) of sleeping duration (recorded as Y 3 , seen in Table 2 ).
HPLC Analysis. Assay Conditions An Hypersil C 18 (5 mm, 200ϫ4.6 mm, i.d.) analytical column from Elite Co. (Dalian, China) was used. As mobile phase a binary mixture of acetonitrile (reagent A)-water was delivered by a Waters 2690 pump in gradient mode at a flow rate of 1.0 ml/min (0-5 min A: 5%, 5-110 min A: 5-100%, 110-120 min A: 100%). The 996 PDA detector was set at 203 nm and all the measurements were performed at 35°C. A 10 ml aliquot was injected into the chromatographic system.
Preparation of Test Solution
All the herbs were chopped into pieces and refluxed twice with 46 ml of 95% ethanol for 1 h according to Table 1 . After removing the ethanol under reduced pressure, the residue was dissolved in 5 ml of methanol and filtrated through 0.45 mm millipore. The solution was injected into the HPLC system and the chromatogram of 16th group (the whole formula of Suanzaoren decoction) was presented in Fig. 2 
Results and Discussion
All animal experiments were carried out under the same condition. To analyze the effect of all combinations, statistical analysis was performed using Student's t-Test. The results were shown in Table 2 . Compared with control group, values of pϽ0.05 were considered statistically significant. From Table 2 it was concluded that some combinations, full Suanzaoren decoction and positive controls showed sedative and hypnotic effects. This may be interesting for further compatibility-mechanism study of Suanzaoren decoction. Because of very low toxicity of five herbs, LD 50 (50% lethal dose) could not be obtained. The maximum tolerated dose experiment showed Suanzaoren decoction was scarcely toxic. 13) Our previous study also showed that sedative and hypnotic effect of full Suanzaoren decoction was dose-dependent. 13) In present paper, all experiments were performed only at the same dose (40 g/kg).
Herbal drugs are mixture of many constituents and the active principle(s) is (are) hardly known. Anyway, the chemical constituents in herbs play an important role in their functions. That is to say, they are material basis of their potency. We firstly name this as the term "therapeutic material basis." One herb may contain pharmacological active oil, terpenoids, alkaloids, flavones and so on. Therefore, it is quite difficult to establish comprehensive quality criteria. Quality control method and specifications start with a clear scientific definition of the raw materials. Details on the origin of the plants (country or region of origin), time of harvesting, and collection and drying procedures also should be specified. In this study, all the above details of all herbs were specified.
Chromatographic profiles can be used as a comprehensive quantified identification method to assess the quality of T.C.M. and its compound preparations. It demands the highly concern on its specificity, reproducibility and applicability. The chromatographic condition was well validated in this paper. Forty-eight chromatographic peaks were eluted under the specified condition and identified quantitatively by PDA detector. Perfect accuracy, precision and reproducibility of 48 chromatographic peaks were achieved (data not shown). However, poor resolution was found among peaks No. 23, 24 and 25 in Fig. 2 . The chromatographic profile supplied a series of characteristics of constituents in Suanzaoren decoction. The peaks were identified by comparison with the five single herbs. The peaks corresponding to variables X 6 , X 8 , X 9 , X 10 , X 42 , X 43 , X 46 , X 47 , X 48 were supplied from Semen Ziziphi Spinasae, X 2 , X 4 , X 24 , X 26 , X 31 were from Rhizoma Chuanxiong, X 1 , X 3 , X 5 , X 15 , X 18 , X 21 , X 22 , X 34 were from Rhizoma Anemarrhenae, X 41 , X 44 , X 45 were from Poria, and X 7 , X 11 , X 12 , X 13 , X 14 , X 16 , X 17 , X 19 , X 20 , X 23 , X 25 , X 27 , X 28 , X 29 , X 30 , X 32 , X 33 , X 35 , X 36 , X 37 , X 38 , X 39 , X 40 were from Radix Glycyrrhizae. In this study, No new peaks were found under this experimental condition.
To analyze the relationship between the constituents and pharmacological data, correlation and regressive analysis were performed using SPSS software. For quantitative, nor- Table 3 , some variables (X) which significantly correlated with pharmacological data (Y) are eighteen chemical constituents corresponding to variables X 2 , X 3 , X 5 , X 6 , X 7 , X 8 , X 9 , X 10 , X 11 , X 13 , X 15 , X 16 , X 21 , X 34 , X 37 , X 42 , X 46 , X 47 . These variables were thought to exhibit significantly intimate relationship with sedative and hypnotic effects. More significant pearson's coefficients showed more intimate degree with pharmaceutical activity.
According to the basic principles of linear regression, only significant variables were entered. Regressive analysis result was shown in Table 4 . Twenty significant variables were selected into regression equation. They were X 2 , X 3 , X 5 , X 6 , X 8 , X 9 , X 11 , X 16 , X 18 , X 21 , X 23 , X 24 , X 34 , X 37 , X 40 , X 42 , X 43 , X 46 , X 47 , X 48 , respectively. However, X 18 , X 24 , X 37 , X 40 are negative to the effect of Suanzaoren decoction. Only positive variables were considered as interest factors in present study. Higher levels (below poisonous ranges) of chemical components corresponding to above positive variables would lead to better pharmacological activity. However, how those variables (chemical components) with negative coefficients affect the potential of Suanzaoren decoction or probably produce some adverse effects still needs for further study.
By interrelating correlation and regression results, thirteen constituents presented by variables X 2 , X 3 , X 5 , X 6 , X 8 , X 9 , X 11 , X 16 , X 21 , X 34 , X 42 , X 46 , X 4 were defined as the therapeutic material basis (a group of active components) of Suanzaoren decoction. Spinosin (X 6 ) in Semen Ziziphi Spinasae, ferulic acid (X 2 ) in Rhizoma Chuanxiong, mangiferin (X 5 ) in Rhizoma Anemarrhenae and glycyrrhizic acid (X 11 ) in Radix Glycyrrhizae were selected as the quality indices of Suanzaoren decoction. Pharmacokinetics on four quality control indices also had been performed, which gave more information of therapeutic material basis in vivo. Single component or the same components from one herb or the whole Suanzaoren decotion showed significantly different pharmacokinetic actions in rats, 14, 15) which maybe resulted from componentcomponent interactions (synerism or antagonism) in the whole formula. All the data from in vivo and in vitro study also can be analyzed the mechanism of Suanzaoren decoction. The results of pharmacokinetics also showed that therapeutic material basis was linked tightly to the sedative and hypnotic effects of Suanzaoren decoction. It should be mentioned that there were no components from Poria in thirteen constituents. However, it could not be made one conclusion that Poria did not play any role in this whole formula. If the analytical condition were better improved, more peaks from Poria or other herbs could be obtained to assess efficiently the quality of Suanzaoren decoction.
Forty-eight peaks were detected only at UV range by RP-HPLC in present study. Of course, many other active components without UV absorbance or with very low levels may not be observed under the same condition. These limitations perhaps could be better improved with other analytical techniques. Of course, more detected constituents will result in more consummate assessment for Suanzaoren decoction. It was obvious that only four quality indices were not sufficient to identify the characteristic mixture or control the quality of Suanzaoren decoction. However, analytical reference standards are difficult to get. In this paper, if more standards were obtained, or all unknown constituents were identified by MS, NMR or IR methods, quality criteria of Suanzaoren decoction would be more comprehensive and scientific to assess the T.C.M. preparation.
This methodology has also been applied successfully for studying Lin-Gui-Zhu-Gan decoction, Huang-lian-jie-du decoction and Wu-zhu-yu Capsule (made from Wu-zhu-yu decoction, another famous T.C.M. preparation) and so on. So far, Wu-zhu-yu Capsule has passed Phase II clinical trial in China. Except regressive and correlation analysis, some other methods for data processing are also used in the above researches, such as cluster analysis, discrimination analysis and principal component analysis and so on.
Conclusion
This paper provides a new methodology for elucidating the therapeutic material basis and quality control indices for T.C.M. preparations even if many analytical standards are not available or the unknown constituents are not identified. It also can be used in single herbs or their potential extracts. The methodology of therapeutic material basis is instructive for modernization of Chinese herbs and its compound preparations.
